fig. S1. Vimentin assembly: IF formation follows a complex and hierarchical scheme.
Vimentin Assembly: IF formation follows a complex and hierarchical scheme. Lateral assembly of monomers via parallel coiled-coil dimers yields half-staggered anti-parallel tetramers. Upon the addition of salt (in this case 100 mM KCl) unit-length filaments (ULFs) are formed. Longitudinal annealing of these ULFs results in mature, elongated filaments of 10 nm in diameter. This hierarchical architecture, together with the secondary structure of each monomer, provides a basis for understanding the structure-function relationship in the context of filament mechanics. fig. S2 . Comparison of calculated (two-state model) stretching and relaxation curves for different values of the persistence lengths LP (color-coded; see legend). Persistence lengths of 0.5 nm and 1 nm are able to reproduce the convex shape observed experimentally. LP values for relaxed vimentin were reported to be on the order of a few µm (42, 45) . LP of a rod scales with the filament radius as r 4 . Assuming volume incompressibility, thinning of the filament at 120% strain only predicts a reduction of LP by a factor of approximately 5, which is not sufficient to reproduce the shape of the retraction curve, i.e. explain the low LP. A more dramatic decrease in LP could, however, occur if the interaction between parallel elements was partially lost due to the α-β-transition, such that they do not act as a single chain, but behave like multiple uncoupled, parallel worm-like chains. Step size analysis of FC data sets. Histograms show the step size distribution per force (50, 100, 250, 500 and 700 pN) and the total distribution of step sizes.
fig. S5.
Step size analysis of data sets with filaments covalently bond to beads via malemide chemistry. Histograms show the step size distribution per force clamp force (50, 100, 250 and 500 pN) and the total distribution of step sizes. Since the step size distribution is comparable to filaments coupled via biotin-avidin interactions, we can exclude the filament-bead bond as the cause for the steps. The steps can therefore unequivocally be assigned to intrinsic structural changes in the filament.
fig. S6.
Step size analysis of relaxation data sets. Histograms show the step size distribution per starting force (50, 100, 250, 500 and 700 pN) and the total distribution of step sizes. Individual filaments were pulled until a certain force was reached, and were allowed to relax afterwards without force feedback.
fig. S7. Vimentin relaxation experiments starting from different forces. (A, B)
Examples of single vimentin filaments. Filaments were stretched until a force of 500 or 50 pN, respectively, was reached and were allowed to relax while the optical tweezers were kept at a constant position. The upper graph in each example shows the force vs. time, the lower one shows the filament extension vs. time. On the right, the filament length is shown as a histogram to illustrate steps in the extension curve more clearly. (C) Log-log plot of force vs. time for creep experiments on numerous vimentin filaments at starting forces between 50 and 700 pN (see color code). The time offset of several seconds is due to the experimental setup. Filaments are stretched to the starting force while the data set is already acquired. Data recorded before the starting force is reached, are not shown in this plot.
movie S1
The supplementary movie shows the epi-fluorescence recording of the stretching cycle which is shown in Figure 2A in the main text. This video clearly shows that the filament softening does not result in buckling events when the filament is relaxed, but the filament stays straight and fully in focus. The buckling events, which are visible in the video, are due to the fact that the beads were moved closer together than the initial filament length at the end of most of the stretching-relaxation cycles. To clarify this point, the raw data of this measurement are shown in fig. S8 . Data acquisition was started with a delay relating to the fluorescence video. The beads are moved close to each other in the beginning of the video to ensure that the filament is completely relaxed, then the force measured by the system is set to zero, data acquisition is started and the cycle begins. This means that the buckling in the very beginning of the video is not visible in the data set. The length of the filament (the distance between the two beads at the last force value below 5 pN, as defined in the Material and Methods section: "Analysis of optical tweezers data") measured in this experiment was 8.996 µm. This value is marked by a blue line in all graphs in fig. S8 .
Neither with epi-fluorescence nor with confocal fluorescence microscopy it is possible to resolve buckling of individual monomers within one ULF. However, it is true that length differences of the monomers as they occur when some of the monomers within the same ULF return to the -state while others are still in the -state (illustrated in the cartoon in fig. S3 ) have to result in buckling or compression of the "longer" monomers. Note, however, that a monomer can even be partly in -state and partly in -state. 
